Introduction
Substituted 2-aminothiophenes are important intermediates in the synthesis of a variety of agrochemicals, dyes and pharmacologically active compounds [1] [2] [3] . The most convergent and well-established classical approach for the preparation of 2-aminothiophenes is Gewald's method [4] , which involves multicomponent condensation of a ketone with an activated nitrile and elemental sulfur in the presence of morpholine as a catalyst. 3-(3,5-Dimethyl-1H-pyrazol-1-yl)-3-oxopropanenitrile (2) is a very handy and cheap cyano acetylation reagent, which was first, synthesized and introduced in common practice in the late 1950s by Ried and Scheimer [5] . It was successfully applied for the synthesis of various Nalkyl and N-aryl cyanoacetamides [6] . Recently, Gorobets et al. [7] , prepare a series from cyanoacetamides via refluxing of 2 with the appropriate amines in toluene. More recently, we used compound 2 for preparation of ethyl 2-(2-cyano-acetylamino)-4,5,6,7-tetrahydro-1-benzothiophene-3-carboxylate, 3 [8] .
On the other hand, oxidative stress results in oxidative alteration of biological macromolecules such as lipids, proteins and nucleic acids. It is considered to play a pivotal role in the pathogenesis of aging and degenerative diseases [9] [10] [11] . In order to cope with an excess of free radicals produced upon oxidative stress, human bodies have developed sophisticated mechanisms for maintaining redox homeostasis. These protective mechanisms include scavenging or detoxification of reactive oxygen species (ROS), blocking ROS production, sequestration of transition metals, as well as enzymatic and nonenzymatic antioxidant defenses produced in the body, that is, endogenous [12, 13] and others supplied with the diet, namely, exogenous ones. Among them, dietary polyphenols have been widely studied for their strong antioxidant capacities and other properties by which cell functions are regulated [14, 15] . Recently, thiophenecarbohydrazide, thienopyrazole and thienopyrimidine derivatives showed interesting biological properties including antioxidant and antitumor activities [16] . In view of the above result we use herein 3 as a building block for the construction of poly-thiophene ring systems in order to evaluate their antioxidant activity.
Experimental

Instrumentations
All melting points are determined on Gallenkamp electric melting point apparatus (uncorrected).
Scheme 1
Thin layer chroma-tography (TLC) analysis was carried out on silica gel 60F254 precoated aluminum sheets. The IR spectra were recorded (KBr) on a Mattson 5000 FTIR Spectrophotometer at the Microanalytical Unit, Faculty of Science, Mansoura University 1 H/ 13 C NMR spectra were recorded at 400 and 100 MHz, respectively, on a Bruker 400 NMR spectrometer in the indicated solvents using TMS as an internal reference, at the Georgia State University, Atlanta, Georgia, USA. The mass spectra (EI) were recorded on Kratos MS equipment at the Microanalytical Center, Cairo University, Egypt. Elemental analyses (C, H and N) were carried out at the Microanalytical Center of Cairo University, Egypt. Biological activities were carried out at Pharmacognosy Department, Faculty of Pharmacy, Mansoura University, Mansoura, Egypt. Ethyl 2-amino-4,5,6,7-tetrahydro-1-benzothiophene-3-carboxy late (1) [17] ( Ethyl 
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Reaction of ethyl-2-[({2-[(cyanoacetyl)amino]-4,5,6,7-tetrahydrobenzo[b]thien-3-yl}carbonyl)amino]-4,5,6,7-tetra hydro-1-benzothiophene-3-carboxylate (7) with aromatic aldehydes
General procedure: A mixture of compound 7 (1.17 g, 2.5 mmol), 4-(dimethylamino) benzaldehyde (0.37 g, 2.5 mmol), 4-(piperidin-1-yl)benzaldehyde (0.47g, 2.5 mmol), or 2-hydroxy benzaldehyde (0.31 g, 2.5 mmol) in ethanol (15 mL) containing piperidine (0.2 mL) was stirred at 80 °C for 4 h. The separated crystals was filtered, dried and washed with hot DMF to give compounds 10-12, respectively (Scheme 2). 2-cyano-2-(2-(4-((E)-2-cyano-1-(3-(ethoxycarbonyl)-4 
Ethyl 2-({[2-({(2E)-2-cyano-3-[4-(dimethylamino)phenyl] prop-2-enoyl}amino)-4, 5, 6, 7-tetrahydro-1-benzothien-3-yl
Synthesis of ethyl-(E)-
Synthesis of ethyl 2-(2-cyano-3,3-bis(2-ethoxy-2-oxo ethylthio)acrylamido)-4,5,6,7-tetrahydrobenzo[b]thiophene -3-carboxylate (16)
To a cold suspension of KOH (1.16 g, 20 mmole) in dry dimethylformamide (25 mL) were added the nitrile derivative 3 (1.45 g, 5 mmole) subsequently carbon disulphide (1.14 g, 15 mmol) slowly dropwise under stirring over a period of 15 min. while the temperature of the mixture was maintained at 5-10 °C. The mixture was stirred at room temperature for 12 h. Then cooled again at 0 °C, ethyl bromoacetate (1.67 g, 10 mmol) was added dropwise over a period of 10 min and left to stand at room temperature for 24 h. The mixture was poured onto ice cold-water. The resulting precipitate was filtered off, dried and crystallized from ethanol:DMF ( 
Synthesis of ethyl 2-(4-amino-2-(2-ethoxy-2-oxoethyl thio)-5-(ethoxycarbonyl) thiophene-3-carboxamido)-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylate (17)
A mixture of compound 16 (0.54 g, 1.0 mmol) and TEA (0.2 mL) in DMF (15 mL) was stirred at 140 °C.
Scheme 4
The mixture was cooled, poured into cooled water, the separated crystals was filtered, dried and crystallize from DMF:EtOH 
Synthesis of ethyl 2-(2-cyano-2-(4-methyl-3-phenyl thiazol-2(3H)-ylidene)acetamido)-4,5,6,7-tetrahydrobenzo-[b]thiophene-3-carboxylate (19) and ethyl 2-(2-cyano-2-(4-oxo-3-phenylthiazolidin-2-ylidene)acetamido)-4,5,6,7-tetra hydrobenzo[b]thiophene-3-carboxylate (20)
To a cold suspension of finely divided KOH (0.11 g, 2 mmol) in dry dimethylformamide (10 mL), the cyanoacetamide derivative 3 (0.58 g, 2 mmol) followed by phenyl isothio cyanate (0.27 g, 2 mmol) was added. The mixture was stirred at room temperature for 12 h, and then cooled again to 5-0 °C, treated with the chloroacetone (0.18 g, 2 mmol) or ethyl bromoacetate (0.24 g, 2 mmol) and left to stand at room temperature for 24 h, the mixture was poured into ice cold water. The resulting precipitate was filtered off, dried and crystallized from DMF: ethanol (5:2, v:v) mixture to afford compounds 19 and 20, respectively (Scheme 5). 
Ethyl 2-{[(2Z)-2-cyano-2-(4-methyl-3-phenyl-1, 3-thiazol-2(3H)-ylidene
Reaction of ethyl 2-{[(2E)-3-anilino-2-cyano-3-mercaptoprop-2-enoyl]amino}-4,5,6,7-tetrahydro-1-benzo thiophene-3-carboxylate (23) with α-halogen carbonyl compounds
Chloroacetone (0.18 g, 2 mmol) or ethyl bromoacetate was added in solution containing ethanol (10 mL), triethylamine (0.2 mL) and compound 23 (0.86 g, 2 mmole). The reaction mixture was refluxed for 3 h. The obtained product after addition of water was filtered, dried and crystallized from ethanol:benzene (1: 3, v:v) to give compounds 24 and 25, respectively (Scheme 5). 
Ethyl 2-{[(5-acetyl-4-amino-2-anilino-3-thienyl) carbonyl] amino}-4, 5, 6, 7-tetrahydro-1-benzothiophene-3-carboxylate
Antioxidant screening
Superoxide anion radical scavenging assay
The assay was performed according to Nishmiki et al. [19] , with minor modifications. Test solution (0.1 mL, 1 mg/mL of sample solution (DMSO)) in 0.1 M phosphate buffer pH = 7.4, 62.5 µL of 468 µM NADH solution, 62.5 µL of 156 µM nitroblue tetrazolium (NBT) solution and 62.5 µL of 60 µM phenazine methophosphate (PMS) solution were added to a microwell plate and incubated at room temperature for 5 min. and the abundance at 560 nm was measured against blank samples. The capacity of scavenging super oxide radicals was calculated using the following formula:
( 1 )
The (NBT+NADH+PMS) solution without sample solution was used as control.
Bleomycin-dependent DNA damage
The assay was performed according to Aeschlach et al. [20] , with minor modifications. The reaction mixture (0.5 mL) contained DNA (0.5 mg/mL), bleomycin sulfate (0.05 mg/mL), MgCl2 (5 mM), FeCl3 (50 mM) and samples to be tested (0.1 mL of 1 mg/mL). L-Ascorbic acid was used as a positive control. The mixture was incubated at 37 °C for 1 h. The reaction was terminated by addition of 0.05 mL EDTA (0.1 M). The color was developed by adding thiobarbituric acid (TBA) (0.5 mL) (1%, w:v) and HCl (0.5 mL) (25%, v:v) followed by heating at 80 °C for 10 min. After centrifugation, the extent of DNA damage was measured by the increase in absorbance at 532 nm (Table 1) .
Results and discussion
Chemistry
Schemes 1-4 describe the syntheses of the target molecules. The starting ethyl 2-[(cyanoacetyl)amino]-4,5,6,7-tetrahydro-1-benzothiophene-3-carboxylate 3 [8] was prepared according to the previously reported method via refluxing of ethyl 2-amino-4,5,6,7-tetrahydro-1-benzothiophene-3-carboxylate (1) [17] with 3-(3,5-dimethyl-1H-pyrazol-1-yl)-3-oxopropane nitrile (2) [18] .
Multicomponent condensation of cyclopentanone or cyclo hexanone with compound 3 and elemental sulfur containing morpholine as a catalyst afforded the bithiophene derivatives 4 and 5, respectively. Compounds 4 and 5 form hydrogen bonds between carbonyl of esters and NH groups of amide and between amino groups and amidic groups. Because the IR spectra revealed low stretching vibrations of ester and amidic carbonyl groups and the 1 H NMR spectra show the presence of NH singlet signal at 11.04 and 11.10 ppm, respectively, similar behaviour was reported [21] . Moreover, cyanoacetylation of compound 4 and 5 under the same previous conditions afforded the cyanoacetamide derivatives 6 and 7. Treatment of compound 7 with cyclopentanone or cyclohexanone and elemental sulfur in ethanol containing morpholine afforded the corresponding trithiophene derivatives 8 and 9, respectively. Compound 8 and 9 formed three hydrogen bonds (Scheme 1).
Knoevenagel condensation of compound 7 with 4-N,Ndimethylaminobezaldehyde, 4-piperdin-1-ylbenzaldehyde or salicyaldehyde in ethanol containing a catalytic amount of piperidine afforded the corresponding (E) arylidenes 10, 11 and coumarin derivative 12, respectively [22] (Scheme 2).
Furthermore, condensation of compound 3 with terphthaldehyde in ethanol containing a catalytic amount of piperidine achieved the (E) bis-arylidene derivative 13 [23] . Coupling of compound 3 with benzene-1,4-bis(diazonium) dichloride afforded the (E) hydrazo derivative 14 [21] (Bioisostere of compound 13) (Scheme 3).
On the other hand, stirring of compound 3 with carbon disulphide in DMF containing potassium hydroxide followed by in situ addition of ethyl bromoacetate afforded the triester derivative 16 via the intermediate 15, which afforded the dithiophene 17 upon heating in DMF containing a catalytic amount of triethylamine (Scheme 4).
Attempting for preparation of compounds 21 and 22, which were bioisostere of compound 16 via reaction of compound 3 with phenyl isothiocyanate in dry DMF in the presence of potassium hydroxide followed by addition of reaction with chloroacetone or ethyl bromoacetate was failed. Although both compound 21 and 22 were formed in situ, subsequently cyclized to the 2-{[(2Z)-2-cyano-2-(4-methyl-3-phenyl-1,3-thiazol-2(3H)-ylidene)acetyl]amino}-4,5,6,7-tetra hydro-1-benzothiophene-3-carboxylate (19) and ethyl 2-{[(2Z) -2-cyano-2-(4-oxo-3-phenyl-1,3-thiazolidin-2-ylidene)acetyl] amino}-4,5,6,7-tetrahydro-1-benzothiophene-3-carboxylate (20) , respectively [8] . Acidification of the intermediate potassium salt 15 afforded compound 23 [8] , refluxing of compound 23 with chloroacetone or ethyl bromoacetate afforded the dithiophene derivatives 24 and 25 (Bioisoster of compound 17), respectively (Scheme 5). The structure of new synthesized compounds was established on the basis of their elemental analyses and spectral data (IR, 1 H, 13 C NMR and mass spectral data, c.f. Experimental section).
Biological Assays
Superoxide anion radical scavenging assay
The antioxidant activity of the new synthesized compounds was evaluated following the protocols published by Nishimiki et al. [19] . The biological data showed clearly that compounds 1, 7, 8, 12, 16 and 23 have good activities, while compounds 3-6, 9, 10, 14 and 17 exhibited moderate activities. On the other hand, the anther compounds exhibited weak activities (Table  1) . Thus, it would appear that introducing of cyanoacetamide, thiocarbamoyl, thiophene and coumarin moieties enhances the antioxidant properties of 2-aminothiophene derivatives.
All compounds were dissolved in DMSO:MeOH (1:1, v:v) and tested at the final concentration of 0.1 mL of 1 mg/mL. The extent of DNA damage is expressed by increase of absorbance at 520 nm. The synthesized compounds were test for Bleomycin-dependent DNA damage ( Table 1 ) and showed that compounds 1, 4, 5, 12, 23 and 24 have an ability to protect DNA from the induced damage by Bleomycin.
By comparing the results obtained of antioxidant of the compounds reported in this paper to their structures, the following structure activity relationship (SAR's) were postulated:
(i) 2-Aminothiophene derivatives 1, 4 and 5 are more potent than ascorbic acid which may be attributed to the replacement of furan moiety with the thiophene moiety and presence of amino group. (ii) Compounds 3, 6 and 7 (N-substituted-2-amino thiophene) is less potent than compounds 1, 4 and 5, respectively which may be due to decrease of basicity of amino group. (iii) Sulfanyl derivative 23 is more potent than 3 which may be attributable to presence of thiocarbamoyl moiety or may be due to oxidation of S-H to S-S and presence of further conjugation. (iv) Compounds 12 and 24 exhibited high antioxidant activity which may be due presence of imino coumarin and 3-aminothiophene moiety (Figure 1 ).
Conclusion
The objective of the present study was to synthesize and evaluate the antioxidant activity of some novel bis-thiophenes with the hope of discovering new structure leads serving as antioxidant agents. The data clearly showed that compounds 1, 7, 8, 12, 16 and 23 have good activities exhibited weak antioxidant activities by Superoxide anion radical scavenging assay. On the other hand, compounds 1, 4, 5, 12, 23 and 24 have an ability to protect DNA from the induced damage by Bleomycin.
